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(54) Crystal manufacturing apparatus 

(57) A crystal pulling apparatus is designed to gen- 
erate a thermal gradient across the melt surface to pre- 
vent nucleation of stray crystals and production of float- 
ing debris to produce a high quality crystal, and has spe- 
cial provisions for observing the growth behavior and 
crystal dimension measurements. The apparatus in- 
cludes a cylindrical chamber, a crucible disposed cen- 
trally within the chamber, a cylindrical heater surround- 
ing the crucible, an insulation member disposed on the 
top section of the crucible, a first transparent plate and 
a second transparf nt plate for closing the center hole in 
the insulatbn member, a pull rod passing through the 
center hole of the transparent plates, a crystal Illumina- 
tion mechanism, a crystal size determination mecha- 
nism and an ambient atmosphere flowing mechanism. 
The crystal size determinatbn mechanism is provided 
with a quartz prism, an Infrared transmitting filter on a 
side wall of the chamber, a revolution count circuit, 
phase angle setting circuit, a CCD camera, an image 
processing section, and a crystal size determination de- 
vice having a TV nnonltor. 
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D scription 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present Invention relates in general to a pulling- 
type crystal manufacturing apparatus, and relates in 
particular to a crystal pulling apparatus suitable for use 
in producing a crystal of a high temperature oxide. su- 
perconductor material. 

Description of the Related Art 

In recent years, there have been active research in- 
to high temperature oxide superconducting materials 
especially into those systems having a high critical tem- 
perature above the liquid nitrogen temperature, typified 
by the Y-Ba-Cu-O system. Presently, some of these su- 
perconducting materials are being evaluated for appli- 
cations in superconducting devices. A special problem 
in making these materials in a thin film fomn is that the 
lattice mismatch between the single crystal substrate 
material and the thin film superconductor material af- 
fects the performance of the device significantly, and 
therefore, the selection of the single crystal of the sub- 
strate material and the development of a process for 
producing a high quality large diameter single crystal 
have become a very Important subject matter. 

Crystal pulling is an effective technique of growing 
a large single crystal under controlled the conditions of 
growth. In the past, almost all of the high temperature 
oxide superconducting materials has been carried out 
using some type of crystal pulling apparatus. The crystal 
pulling apparatus broadly comprises a fumace section 
and a drive mechanism for pulling up a crystal. The 
method of operation is broadly as follows: a seed crystal 
is attached to the bottom end of a pulling rod located 
within the fumace section, next the seed crystal is made 
to touch the surface of a molten solution of the super- 
conductor material held in a crucible, and the seed crys- 
tal is rotated and pulled up so that a crystal can be grown 
on the seed crystal. From time to time during the growth 
process of the single crystal, it Is necessary for the ap- 
paratus operator to observe the manner and progress 
of crystal growth, and in the conventional apparatus of 
this type, a small peek window is provided on the side 
wall of the fumace section to permit obsen^ation of the 
growth behavbr of the crystal. If it Is necessary to meas- 
ure the dimension of the grown crystal, measurements 
are taken from an image of the crystal produced on a 
monitoring screen provided for the apparatus. 

In the type of apparatus described above, because 
of the presence of the peek window on the side wail of 
the furnace section, there is a loss of heat from the fu- 
mace interior during the growth process of the single 
crystal. For comparatively large furnaces, the effects of 
this bss of thermal energy through the peek window on 



the growth tsehavtor is negligibi relative to the overall 
large heat capacity of the furnac section. However, for 
small apparatus such as those used in research, effects 
of the loss of heat from the peek window could not be 
5 neglected. This is because, for growing of single crystal 
of a multi-component system, especially for high tem- 
perature oxide systems such as Y-Ba-Cu-O, a phenom- 
enon is observed particularly frequently that stray crys- 
tals nucleated on the surface float about on the melt sur- 
10 face, and the presence of the peek window increases 
the formation of the floating stray crystals, thus making 
Is difficult to grow the single crystal continuously 

Furthermore, it has been discovered that it is nec- 
essary to Increase the temperature difference in the hor- 
15 izontal direction on the surface of the melt (hereafter re- 
ferred to as the temperature gradient) for growing a high 
quality crystal. However, the conventional apparatus is 
designed so as to Insulateihe upper portion the fumace 
section for retentbn of heat, and consequently, rt has 
20 been difficult to increase the temperature gradient. It fol- 
tows therefore that the conventional apparatus inherent- 
ly presented a problem that the stray crystals nucleated 
around the growing single crystal gradually Increase in 
number during the subsequent growth process of the 
25 single crystal. 

An additional problem in the conventional appara- 
tus is that, as the growth process is continued, the peek 
window becomes fogged by the vapor released from the 
melt thus making It d'rfflcutt to obsen^e the growth be- 
so havior over a long period of time. In the case of yttrium- 
based high temperature oxide system, such as Y-Ba- 
Cu-O, the single crystal grows in a square shape reflect- 
ing the anisotropic nature of the structure of the material, 
and it has not been possible to perform size measure- 
rs ments of the growing crystal using the conventional 
monitor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 Figure 1 is a cross sectional side view of a first em- 
bodiment of a crystal growing apparatus of the present 
invention. 

Figure 2 is a cross sectional side view of a partition 
plate of the crystal growing apparatus. 
45 Figure 3A is a plan view of a first transparent plate 
of the apparatus. 

Figure 3B Is a cross sectbnal view of the transpar- 
ent plate. 

Figure 4A is an enlarged view of the portbn where 
50 the pulling rod passes through the transparent plate. 

Figure 4B is a cross sectional view of the section 
shown in Figure 3A. 

Figure 5 is a cross sectional side view of the crystal 
illumination devrce of the apparatus. 
55 Figure 6 is a blockdiagram of the crystal stz meas- 
urement device. 

Figure 7A is a plan view of a support structure for a 
quartz prism of the apparatus. 
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Figur 7B is a side view of the structure shown in 
Figure 7A. 

Flgur 7C Is a front view of the structure shown in 
Figure 7A. 

Figure 8 Is a flowchart for crystal size determination 
process. 

Figure 9 is a portion of the flowchart shown In Figure 
8 which determines the perimeter length. 

Figure 10A~10D are schematic drawing to explain 
the process of detenmlning the perimeter length. 

SUMMARY OF THE INVENTION 

it Is an object of the present Invention to provide a 
crystal growing apparatus which enables to grow a high 
quality single crystal by suppressing the formation of 
floating debris by preventing nucleatlon of stray crystals 
as well as to enable observation and the measurements 
of the size of growing crystal. 

The object is achieved in a crystal manufacturing 
apparatus comprising: a cylindrical chamber having a 
crucible disposed coaxially within a chamber space; a 
cylindrical heater coaxially surrounding said crucible; an 
insulation member having a center hole disposed so as 
to divide said chamber Into upper and lower sections; a 
transparent plate having a center hole disposed on said 
insulation member so as to cover over said center hole 
of said insulation member; and a pulling rod disposed 
centrally in said cylindrical chamber so as to pass 
through said center hole of said transparent plate. 

In addition to the elements presented above, it is 
also permissible to provide a crystal illumination mech- 
anism to illuminate the growing crystal, and crystal size 
determination mechanism to measure the size of the 
crystal when the shape is non-circular. The actual ele- 
ments of the crystal Illumination mechanism are a visible 
light source for emitting visible light; a glass fiber trans- 
parent to said visible light, whose one end is in optical 
contact with said light source; an Illumination plate at- 
tached to other end of said glass fiber; a sapphire fiber 
optically aligned with said illumination plate In an non- 
contacting manner to transmit said visible light; and a 
cooling tube surrounding said glass fiber for permitting 
water to circulate for cooling said glass fiber. The actual 
elements of the crystal size determination mechanism 
are an optical path changing means for altering an op- 
tical path of infrared radiation emitted from said growing 
crystal and said melt and an optical path of said visible 
light and passed though said transparent plate; a crystal 
size determination device for measuring and determin- 
ing dimensions of said growing crystal by receiving in- 
frared radiation and reflected light which passes through 
said optical path changing device to form an image of 
said growing crystal, outputs said image and measure- 
ment data of said growing crystal. 

The optical path changing means can be made of 
a prism having a slit for allowing the pull rod to pass 
through. The actual construction of the crystal size de- 



termination mechanism are an electro-optic r cording 
device for receiving infrared radiation and reflected light 
which have passed through said optical path changing 
means so ias to form an image of said growing crystal; 
B an image processing section for sampling said image of 
said growing crystal In synchronization with a rotational 
speed of said pulling rod so as to form a still Image of 
said growing crystal; and an output device for outputting 
results of image processing produced by said image 
10 processing section. It is also permissible to provide a 
phase angle setting device for setting a phase angle for 
a revolving growing crystal. The crystal size determina- 
tion device may utilize an Infrared transmitting filter be- 
tween the optical changing device and the recording de- 
15 vice such as a camera. 

An ambient atmosphere sweeping device may be 
provided for admitting an ambient atmosphere from a 
top region and discharging from a bottom region of said 
chamber. In this case, it Is desirable to provide fins In at 
least the region of said pull rod passing through the 
transparent plates. It is also possible to provide a first 
transparent plate on a bottom section of said insulation 
member and a second transparent plate on a top section 
of said Insulation member acting as a thermal Insulation 
to said first transparent plate. In this case, said first 
transparent plate consists of a U-shaped first piece and 
a fan-shaped second piece having a pick-up bar. 

The feature of the present apparatus is that thermal 
distribution is carefully controlled. The crucible exterior 
is surrounded with a heater, and the top region is cov- 
ered with an insulation member having a center hole, 
therefore, during the crystal growing operation, there is 
considerable heat loss through the transparent plate 
covering the center hole of the Insulation member. In this 
instance, the apparatus compensates for the heat loss 
and achieves the required temperature for crystal 
growth by supplying the lost heat through the heater, 
thereby compensating a large heat loss through the 
transparent plates by a large quantity of heat from the 
heater. Therefore, the temperatures of the outer periph- 
ery of the crucible and the bottom region of the insulation 
member rise compared with the center region of the cru- 
cible, thus producing a large temperature gradient in the 
melt contained In the crucible. The result Is that, com- 
pared with the conventbnal design of the pulling fur- 
nace, it becomes possible to control the Increase In the 
number of stray crystal nucleation and floating debris, 
thereby improving the quality of the crystal produced. In 
addition to these features, the transparent plates sen/e 
as peek window to enable observation of the behavtor 
of the growing crystal. 

Additional features include the novel crystal illumi- 
nation and crystal size determination mechanisms to 
enable determination of the size of the growing crystal 
even when the shape is non-circular, by utilizing infrared 
radiation emitted from the high temperature crystal and 
the melt or visible light generated from the illumination 
device and reflected from the crystal. For example, 
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when It Is necessary to measure the perimeter length of 
a square-shaped crystal, the image processing section 
samples th crystal image in synchronization with the 
rotational speed of the growing crystal. By doing so, it 
becomes possible to generate a still Image of the 
square-shaped growing crystal, and the still image can 
be numerically processed to compute the perimeter 
length. 

. Also, when the apparatus Is provided with ambient 
atmosphere sweeping means, the ambient atmosphere 
flows from the top region to the bottom region of the ap- 
paratus. By providing fins in the portion of the pull rod 
which passes through the transparent plates, the atmos- 
phere passing downwards through the space between 
the pull rod and the center hole of the transparent plates, 
the rotational action of the fins makes the gas to flow 
from the center region toward the outer region of the 
plates underneath the plates. This action of the gas flow 
ensures that only the atmosphere gas containing no va- 
pors from the melt will pass overthe bottom of the plates. 
By providing the second transparent plate above the first 
transparent plate, the second transparent plate acts as 
a thermal insulator to the first transparent plate thereby 
pen^erting the condensation of vapors released by the 
melt. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The embodiments of the present apparatus will be 
explained below with reference to the drawings provided 
in Figures 1 to 10D inclusively. 

Figure 1 shows the overall construction of the crys- 
tal growing apparatus (shortened to apparatus hereln- 
below). The apparatus 1 is suitable for making a square 
shaped single crystal having a perimeter dimension of 
about two inches of such high temperature oxide super- 
conducting systems as Y-Ba-Cu-O. The apparatus com- 
prises: a chamber 2; a crucible 3; a pulling rod 4; a heat- 
er 5; thermal insulation 6; a first transparent plate 7; a 
second transparent plate 8; a crystal illumination device 
(crystal illumination means) 9; a crystal size determina- 
tion mechanism (crystal size determination means) 45; 
and an ambient atmosphere sweeping mechanism (am- 
bient atmosphere sweeping means) 11. 

As shown in Figure 1 , a stainless steel is used to 
form a cylindrical chamber 2. In the lower portion of the 
chamber 2, there is a support base 12 so that the cru- 
cible 3 can be placed in the center of the chamber 2. 
The pulling rod 4 is disposed along the central axis of 
the chamber 2, and the top portion of the pulling rod 4 
extends upwards through the top of the chamber 2 and 
is connected to a pulling device 44 which raises the rod 
while simultaneously rotating it at their respective 
spe ds. 

At th top of the chamber 2, there Is an entry port 
1 3 for th ambient atmosphere which is supplied from 
a gas supply source 15 through a delivery pipe 14. The 



gas supply source 15 is used to supply a gas mixture 
containing such gases as argon, nitrogen mixed with ox- 
ygen to the chamber 2. At th bottom of the chamber 2, 
there Is an exhaust port 16 which is connected through 

5 a pipe 17 to a pump 18 and oxygen monitor 19 in suc- 
cession. The pump 18 is used to exhaust the interbr 
atmosphere from the chamber 2, and the oxygen mon- 
itor 1 9 is used to check the oxygen level in the ambient 
atmosphere which affects the crystal growing behavior. 

10 The ambient atmosphere sweeping mechanism 11 is 
thus comprised of the elements described above, there- 
by allowing the gas to sweep through the chamber 2 
from the bottom to the top thereof. 

As shown in Figure 2, a ring-shaped divider plate 

15 20 is fixed to the side wall of the chamber 2 by means 
of afastener21 , and as shown in Figure 1 , a ring-shaped 
insulation member 6 is attached to the opening of the 
divider plate 20. The Insulation member 6 is made of 
such thermal insulation materials as and CaO. 

20 The interior space of the chamber 2 is divided into two 
spaces, a top space and a bottom space, by means of 
the divider plate 20 and the insulation member 6. In the 
bottom space, a cyiindrk:al heater 5 surrounding the cru- 
cible 3 is disposed coaxlally with the chamber 2. The 

2S heater 5 is a resistance heating type for radiativety heat- 
ing of the melt M in the crucible 3. 

As shown in Figure 3B, an Inwardly protruding pro- 
trusion section 6b is formed on the lower end of the cent- 
er hole 6a of the insulation member 6, and a first trans- 

30 parent plate 7 is placed on top of the protrusion section 
6b. The first transparent plate 7 is made of sapphire, 
and transmits visible light and a part of the infrared light. 
As shown in Figure 3A, the first transparent plate 7 is 
divided planariy Into two plate pieces, along a portion of 

3S the circumference, to result in a first piece 7a which is 
a U-shaped piece and a second niece 7h which is a fan- 
shaped piece. A pick-up handle 7c having a length long- 
er than the width of the second piece 7b is attached, as 
seen In Figure 3B, to a circumferential end of the second 

40 piece 7b. 

The reason for dividing the transparent plate 7 into 
two pieces Is to enable placing the transparent plate 7 
on top of the insulation member 6 while the pull rod 4 is 
being firmly positioned. The particular shapes of the 

46 pieces are chosen because if the plate 7 is split in half, 
a semicircular-shaped may fall through the center hole 
6a of the insulation member 6. The process of installing 
the pieces is to place the first piece 7a first followed by 
picking up the second piece 7b by means of the pk:k-up 

so rod 7c, thus enabling to position the first transparent 
plate 7 while avoiding any danger of dropping either of 
the two pieces 7a, 7b. 

Retuming to Figure 1 , a second transparent plate 6 
Is provided on the top surface of the insulation member 

ss 6. The second transparent plate 8 is made of quartz 
glass, and this material also transmits visible light and 
a part of the Infrared light. The second transparent plate 
6 nnay also be divided into smaller pieces as in the cas 
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of the first transparent plate 7, Th reason for using sap- 
phire for the first transparent plate 7 and quartz glass 
for the second transparent plate 8 is that the first trans- 
parent plate 7 oonnes into a direct contact with th vapor 
from the melt so that a corrosion-resistant sapphire plate 
is needed while the second transparent plate 8 does not 
come into contact with the vapor, and quartz glass Is 
sufficient for the purpose. 

The overall cross sectional shape of the pull rod 4 
is circular except for the region which is located within 
the first and second transparent plates 7. 8, as shown 
in Figure 4B; in this region of the pull rod 4, the cross 
sectional shape is as illustrated in Figures 4A, which is 
a star-shaped cross section having a series of fins 4a 
(in this example, there are eight fins). 

The apparatus 1 is additionally provided with a crys- 
tal illumination device 9 and a crystal size determination 
mechanism 45. The crystal illumination device 9 com- 
prises: a visible light source 22; a glass fiber 23; a sap- 
phire fiber 24; a bellows 25 (cooling pipe); and a trans- 
parent plate 26, as shown in Figure 5. One end of the 
glass fiber 23 is in optical contact with the visible light 
source 22 disposed exterior to the chamber 2. The 
transparent plate 26 is firmly attached to the end of that 
section of the bellows 25 which is located in the interior 
of the chamber 2, and the other end of the glass fiber 

23 is fixed to the transparent plate 26. The sapphire fiber 

24 having a diameter of about 2 mm is passed through 
the interior passage of an insulatbn hole 6c. One end 
of the sapphire fiber 24 has an expanded section 24a. 
so as to prevent falling through the passage, which op- 
poses the tip end of the glass fiber 23 without touching. 

A cooling water inlet pipe 27 and an outlet pipe 26 
are connected to the bellows 25 for cooling the exterior 
portion of the chamber 25 so that the water circulating 
through the bellows 25 can provide cooling to the glass 
fiber 23. The crystal illumination device 9 is thus con- 
structed to prevent damage to the constituting members 
from thermal distortion from the heat of the upper sec- 
tion of the channber 2. by the combined properties flex- 
ibility of the bellows 25, non-contacting arrangement of 
the transparent plate 26 and the sapphire fiber 24 as 
well as the cooling provided for the glass fiber 23. 

The crystal size determination mechanism 45 com- 
prises: a quartz prism 29 (optical path changing means) 
disposed in the Interior of the chamber 2, as shown in 
Figure 1; a quartz window 30 disposed on the vertical 
wall of the chamber 2; an infrared filter 31 ; and a crystal 
size determination device 10, shown In Figure 6. The 
crystal size determination mechanism 45 used in this 
embodiment produces an image of the crystal on the 
basis of In either the difference in the reflective intensi- 
ties of visible light (from the visible light source 22) and 
reflected from crystal and the melt surfaces, or the dif- 
ference based on the radiative efficiencies of the Infra- 
red radiation emitted from the crystal and the melt. 

More specifically, what is meant by the difference in 
th radiative efficiencies is that when light is emitted 



from a hot body, for example about a 1 .000*0 body, the 
frequency of the maximum intensity is shifted to the in- 
frar d regbn compared to the case of visibi light, and 
the radiation Intensity is d pendent on th physical state 
5 (solid or liquid) of the substance emitting the radiation. 
It follows that even if the crystal and the melt are at the 
same temperature, it becomes possible to distinguish 
whether the source of the radiation is a solid or liquid, 
depending on the radiative efficiency of the emitted ra- 
10 diation. When the crystal size determination mechanism 
45 utilizes infrared radiation, the image can be further 
made clear by placing an Infrared transmitting filter 31 
in the optical path. 

Figures 7A'^7C show the support structure for a 
IS quartz prism 29. As shown in Figure 7B, the prism 29 is 
held on a prism holder 33 which is fixed on a holder base 
32 which is fixed to the top surface of the insulation 
member 6. The cross sectional shape of the prism 29 is 
a right angle triangle, and Is positioned so that one plane 
^0 of the triangle is parallel to the prism holder 33. As 
shown in Figure 7A, a slit 29a is formed on one surface 
of the prism 29 so as to be parallel to the pull rod 4 which 
passes through the slit space with a slight spacing ther- 
ebetween. This manner of construction permits the 
prism 29 to be installed or removed while the pull rod 4 
is firmly position in the apparatus 1. A beam of infrared 
light L entering from the bottom of the prism 29 along 
the pull rod 4 is reflected on a prism surface 29b and 
propagated in a direction parallel to the prism holder 33. 

The prism holder 33 is made of alumina pipes in a 
ladder-like shape, as illustrated in Figure 7A. The prism 
29 is fixed in place on the prism holder 33 in a manner 
shown In Figure 7C by slitting the inside top portions of 
the two opposing alumina pipes, and fixing the prism 29 
in the seat section 33a thus formed. The bottom portion 
ot the prism holder 33, opposite to the area where the 
prism 29 is fixated, is firmly held in place on the holder 
base 32 by means of wires 34 and adhesive. 

The crystal size determination device 10. shown in 
Figure 6. comprises: a revolution count circuit 35; a 
phase angle setting circuit 36; a CCD camera 37 (elec- 
tro-optic recording device); an image processing section 
38; and a TV monitor 42 (output device). The pull rod 4 
is connected to the revolution count circuit 35 which Is 
used to measure the number of revolutions of the pull 
rod 4. The phase angle setting circuit 36 is for setting 
the phase angle of the rotating crystal. In the stage fol- 
lowing the infrared transmitting filter 31, there is dis- 
posed a (charge coupled device) camera 37 to capture 
the Image of the growing crystal. The revolution count 
signals from the revolution count circuit 35, the phase 
angle signals from the phase angle setting circuit 35 and 
the image data from the CCD camera are forwarded to 
an image processing section 38 which is explained In 
the following. 

The image processing section 38 comprises a im- 
age sampling circuit and memory 39, a binary process- 
ing circuit (digitization circuit) 40 and a p rimeter com- 
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putation device 41. The image sampling circuit and 
memory circuit 39 performs image sampling which is 
synchronized to the rotational speed of the pull rod 4, 
and in some cases, the sampling period Is shifted by an 
amount equal to a phase angle and stores a still image 
thus generated. The digitization circuit 40 Is for binary 
conversion of each point in the still Image of the growing 
crystal In accordance with a certain threshold value. The 
perimeter computation circuit 41 Is for computation of 
two perimeters of a square-shaped crystal. In the stage 
following the image processing section 38, there Is a TV 
monitor 42 for outputting the Image of the growing crys- 
tal and the results of the perimeter computation process. 

The method of operating the apparatus 1 will be ex- 
plained next. 

First, feed materials for growing the crystal are 
charged into the crucible 3. Next, the heater 5 Is turned 
on to heat the crucible 3. Next, the pull rod 4 having a 
seed crystal mounted at the bottom end. the first and 
second transparent plates 7, 8 and the prism 29 and all 
other operating components are arranged in place. After 
the melt M reaches a certain temperature, the drive 
mechanism is operated to rotate the seed crystal S 
which Is towered to touch the surface of the melt M. After 
this step, the seed crystal S is pulled up while being ro- 
tated, at a rotational speed of 10-100 r.p.m. and the 
pulling speed of about 0.1 mm/hr for example. This proc- 
ess produces a square-shaped crystal at the end of the 
seed crystal S. In this case, the ambient atnrK)sphere is 
made to flow from the top region to the bottom reg ion of 
the chamber 2 from a gas supply source 15, and by 
means of a pump 1 8, the gas Is made to discharge from 
the chamber 2 at a velocity of about 600 cm^/min, thus 
flowing the ambient gas through the chamber from the 
top section to the bottom section of the chamber 2. 

For observing the growth behavior of the crystal and 
determining the size of the crystal, the Intensity differ- 
ence based on the difference in radiative efficiencies of 
the solid/liquid bodies is used, or the intensity difference 
in the reflected visible light generated by the crystal il- 
lumination mechanism 45. The perimeter measure- 
ments are computed automatically, and the Image of the 
growing crystal and the perimeter data are output on the 
TV monitor 42. Next, the steps for the data processing 
by the crystal size determination mechanism 45 will be 
explained with reference to a flowchart shown in Figure 
8. 

The revolution count of the pull rod 4 Is measured 
by the revolution count circuit 35, and a suitable phase 
angle for the growing crystal selected by the phase an- 
gle setting circuit 36 are fonn/arded to the image sam- 
pling circuit 39 (step S8-1 ). In the meantime, reflected 
visible light or Infrared radiation Is injected into the CCD 
camera after passing through the first and second trans- 
par nt plates 7, 8, the prism 29 and the window 30 (if 
infrared radiation Is used, an Infrared transmitting filter 
31 is included in the stage after the window 30). Then 
the CCD camera 37 captures an imag of the region of 



the melt including the growing crystal and outputs the 
image data to the image sampling circuit 39. 

The Image sampling circuit 39 receives th revolu- 
tion count signal and the phase measurement signal, 

s and computes a sampling rate synchronized to the ro- 
tational speed of the pull rod 4 (step S8-2). The Image 
sampling circuit 39 produces a still image of the growing 
crystal by inputting the Image signal delivered at the 
sampling rate (step S8-3). The still image produced is 

10 stored in the memory 39. Next, the operator decides 
whether to undertake binary conversion step (step 

58- 4). If the binary conversion step Is to be carried out 
(step S8-5), the digitization circuit 40 converts the image 
intensity of every point In the still image according to a 

is certain threshold value (step S8-6) and forwards the still 
image to the TV monitor 42 (step S8-7). 

If the binary conversion step Is not be undertaken 
(step S8-8), the still image Is directly forwarded to the 
TV monitor 42 (step S8-7). It should be noted that when 
the digitization is carried out, delicate shades of the still 
image are lost, and the image becomes one of simple 
black and white spats, thereby decreasing the infomria- 
tlon contained in the still iniage. Therefore, to carry out 
accurate obsen^ation, the digitizatbn step shoutel be 
stopped, as necessary as indicated in the flowchart, so 
as to confirm the quality of the image displayed on the 
monitor 

After sending the Image to.the TV monitor 42, the 
perimeter measurements are undertaken according to 
the flowchart shown In Figure 9 (step S8-9). First, based 
on the Image on the TV monitor 42 as illustrated In Fig- 
ure 10A, the solld/llquld boundary is determined (step 

59- 1 ). Based on the results of the solid/liquid boundary 
measurements, the three apexes of an angular crystal 
is determined (step S9-2). To compute the apex PI 
shown in Figure 1DC, for example, according to this 
technique, the differential values of the image are 
checked starting from the left of the position. In this case, 
in the region to the left of PI , the differential values are 
almost constant. However, to the right of the apex PI , 
there more than two points whose values are very much 
larger. One of these apex points is PI . Finally, the coor- 
dinate values of the apexes P1 , P2 and P3 (x1 , y 1 ), (x2. 
y2) and (x3, y3) are determined, and as shown in Figure 
10D, the lengths of the two perimeter are computed us- 
ing the usual triangle formula (step S9-3). 

At this time, the operator decides whether to con- 
tinue or stop the measurement step on the basis of the 
image output on the TV monitor 42 (step S8-10). If It is 
to be stopped (step S8-11), the process is stopped at 
this point, and if it is to be continued (step S8-12), the 
program step returns again to the revolution count of the 
pull rod 4 and the phase measurement step S8-11 . 

After completing the obsen^atlon and size measure- 
ment on one still image, if it is desired to chang the 
position of th crystal to be observed, image sampling 
circuit 39 shifts sampling by an amount equivalent to the 
phase angle. For example, if sampled image is record d 



2S 



30 



3S 



40 



45 



SO 



6 



11 



EP0 768 392 A2 



12 



very 1 second on the crystal rotating at a speed of 1 
revolution per second, every image recorded would be 
at the same location of the crystal. If the sampling rate 
is changed to 1 .25 seconds, the images recorded would 
be separated by a phase difference of 90 degrees. 
When the sampling rate is returned to 1 second, then 
the image existing at that time will be recorded every 
time. As explained above, the sampling rate is deter- 
mined by the rotational speed of the pull rod 4, but with- 
out the phase angle adjustment, the observation loca- 
tion cannot be selected at will. Therefore, by permitting 
the operator to set the phase angle as needed, the op- 
erator Is able to observe a still image of any location of 
the growing crystal or to obtain different images at the 
same locatbn. 

The features of the apparatus 1 will be summarized 
below. The apparatus 1 is designed so that a crucible 3 
is surrounded by a heater 5, and the top portion of the 
crucible 3 is covered with an Insulation member 6. 
Therefore, during the growth process of the crystal, 
there is a large amount of heat loss through the first and 
second transparent plates 7, 8. To compensate for the 
heat loss, the heater 5 supplies a large quantity of heat 
to produce the temperature required for the growth of 
the crystal. That is, the large heat loss through the plates 
7, 8 are supplanted with a large heat supply from the 
heater 5. The result is that, compared with the conven- 
tional design of crystal growing apparatus in which the 
upper portion of the crucible is covered with an insula- 
tion material, the temperature at the heater 5 increases 
by 90*C, and the temperature of the insulation 6 Increas- 
es by about 1 5*C, for example, and the temperature gra- 
dient inside the crucible 3 increases by ten fold from 0.5 
to S.O^C. Furthermore, the planar distribution of temper- 
ature on the melt surface becomes concentric, thus 
eliminating local distortion. Therefore, compared with 
the conventional apparatus, it becomes possible to sup- 
press nucleation of stray crystals and reducing the for- 
mation of floating debris significantly, thus leading to a 
substantially improved quality of the grown crystal. 

Further, the apparatus 1 is provided with a crystal 
illumination mechanism 9 which can radiate visible light, 
and in conjunction with the first and second transparent 
plates 7, 8 which act as a peek window, therefore, re- 
flected visible light or infrared radiation can be used to 
produce an image on the CCD camera 37, which per- 
mits the operator to readily obsen^e the process of crys- 
tal growth. The ambient atmosphere during the crystal 
growth period is made to flow from the top to bottom 
section of the chamber In the space between the center 
hole of the first and second transparent plates 7, 8 and 
the pull rod 4. By providing fins 4a in the region of the 
pull rod 4 between the plates 7. 6, the gas flows under- 
neath the plates 7, 8 from the center region towards the 
peripheral region of the plates 7, 8. Especially, the lower 
surface of the plate 7 is always protected by flowing gas 
which does not contain vapors released from th melt 
M. It should also be noted that the second transparent 



plate 8 acts as an insulation member for the first trans- 
parent plate 7. Thes two effects ar superimposed up- 
on one another to prev nt fogging on the plates 7, 8, 
thereby providing clear Images of the growing crystal 

B over a prolonged period of operation of the apparatus 1 . 
The apparatus 1 is further provided with a crystal 
size determination mechanism 45. The mechanism 45 
is able to automatically measure the perimeter length of 
a square-shaped crystal, therefore, the operator only 

10 needs to examine an image on the TV monitor 42 to de- 
termine the perimeter length of a growing crystal. It also 
pemnits detailed continual observation of the conditions 
of crystal growth, including the polycrystal formation and 
floating debris in the vicinity of the growing crystal. 

IS It should be noted that the various elements of the 
apparatus 1 explained above can be nrKxiiTied without 
departing from the principle of thermal design disclosed 
in the present Invention. For example, instead of making 
the Insulation member 6 from one type of material, it is 

20 permissible to make only that section of the Insulation 
member 6 which comes into contact with the first trans- 
parent plate 7 from a material of higher thermal conduc- 
tivity. By doing so, it is possible to retain the temperature 
of the first transparent plate 7 at a higher temperature. 

25 thereby preventing fogging on the plate 7. When the 
crystal illumination mechanism used visible light, it is de- 
sirable to place more than 4 reflective mirrors equldis- 
tantly around the pull rod to reflect light from a visible 
light source. Further, Instead of the prism 29, the optical 

30 path changing device may utilize any device, such as a 
mirror, which reflect and bend the light path at a desired 
angle. It is also permissible to alter the actual construc- 
tion for the gas passage device for the ambient atmos- 
phere and the crystal size determinatbn mechanism. It 

3S is clear that the present apparatus is applicable to other 
types of materials such as semiconductors, such as sil- 
icon, in addition to manufacturing of high temperature 
oxide superconductor crystals. 

40 

Claims 

1. A crystal manufacturing apparatus for growing a 
crystal on a seed crystal by pulling said seed crystal 
45 from a melt comprishg: 

a cylindrical chamber(2) having a crucible(3) 

disposed coaxially within a chamber space; 

a cylindrical heater(5) coaxially surrounding 
so said crucible(3); 

an Insulation member(6), having a center hole, 

disposed so as to divide said chamber(2) into 

upper and lower sections; 

transparent plates(7.8), having a center hole. 
ss disposed on saki insulatbn member(6) so as to 

cover over said cent r hole of said insulation 

member(6); and 

a pulling rod(4) disposed centrally In said cylin- 
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drical chamber(2) so as to pass through said 
center hole of said transparent plates(7,8). 

2. A crystal manufacturing apparatus as claimed in 
claim 1, wherein said apparatus is provided w'rth a s 
crystal Illumination means(9) for emitting visible 
light to illuminate a growing crystal. 

3. A crystal manufacturing apparatus as claimed in 
claim 2, wherein said crystal Illumination means(9) io 

comprises: 

a visible light source(22) for emitting visible 
light; 

a glass fiber(23) transparent to said visible is 
light, whose one end is in optical contact with 
said light source(22); 

an illumination plate(26) attached to other end 
of said glass fiber(23); 

a sapphire fiber(24) optically aligned with said 20 
illumination plate(26) in an non-contacting 
manner to said illumination plate(26) for trans- 
mitting said visible light; and 
a cooling tube(25) surrounding said glass fiber 
(23) for pennitting water to circulate for cooling ss 
said glass fiber(23). 

4. A crystal manufacturing apparatus as claimed in 
claim 1 or 2, wherein said apparatus is provided with 

a crystal size determination means(45) for measur- 30 
ing a dimension of a growing crystal having a non- 
circular shape grown on said seed crystal. 

5. A crystal manufacturing apparatus as claimed in 
claim 4. wherein said crystal size determination 3S 
means(45) comprises: 

an optical path changing means(29) for bend- 
ing an optical path of infrared radiation emitted 
from said growing crystal and said melt and for 40 
bending an optical path of said visible light 
passed though said transparent plates(7,8); 
and 

a crystal size determination device(IO) for de- 
termining dimensions of said growing crystal by 46 
receiving infrared radiatbn and reflected light 
which passed through said optical path chang- 
ing means(29) to form an image of said growing 
crystal, and outputting said image and meas- 
urement data of said growing crystal having a so 
non-circular shape. 

6. A crystal growing apparatus as claimed in claim 5, 
wherein said optical path changing means(29) is a 
prism(29) having a slit(29a) for enabling said pulling ss 
rod(4) to pass through. 

7. A crystal manufacturing apparatus as claimed in 



claim 5 or 6, wherein said crystal size det rmination 
device(IO) comprises: 

an lectro-optic recording device(37) for re- 
ceiving infrared radiatfon and reflected light 
which have passed through said optical path 
changing means(29) so as to form an image of 
said growing crystal having a non-circular 
shape; 

an Image processing section(38) for sampling 
said image of said growing crystal in synchro- 
nizatbn with a rotational speed of said pulling 
rod(4) so as to form a still image of said growing 
crystal, and for performing binary processing of 
said still image; and 

an output device(42) for outputting results of 
image processing produced by said image 
processing section(38). 

8. A crystal manufacturing apparatus as claimed in 
claim 7, wherein said crystal size determination de- 
vice(10) is provided with a phase angle setting de- 
vice(36) for setting a phase angle for a revolving 
growing crystal having a non-circular shape. 

9. A crystal manufacturing apparatus as claimed in 
claim 7 or 8, wherein said crystal size determination 
means(45) Is provided with an infrared transmitting 
filter(31 ) in an optical path between said optical path 
changing means(29) and said electro-optic record- 
ing device(37). 

10. A crystal manufacturing apparatus as claimed in 
one of claims 1 to 9, wherein said apparatus is pro- 
vided with an ambient atmosphere sweeping 
means(11) for admitting an ambient atmosphere 
from a top region and discharging from a bottom re- 
gion of said chamber(2). 

11. A crystal manufacturing apparatus as claimed in 
claim 10, wherein said pull rod(4) is provided with 
integral fins(4a) in at least in that location where 
said pull rod(4) passes through an interior space 
formed between said transparent plates(7.8). 

12. A crystal manufacturing apparatus as claimed in 
one of claims 1 to 11 . wherein said apparatus is pro- 
vided with a first transparent plate(7) on a bottom 
section of said insulation member(6) and a second 
transparent ptat6(8) on a top section of said insula- 
tion member(6) acting as a thermal insulation to 
said first transparent plate(7). 

13. A crystal manufacturing apparatus as claimed in 
claim 1 2, wherein said first transparent plat (7) con- 
sists of a U-shaped first piece(7a) and a fan-shaped 
second piece(7b) having a pick-up bar(7c). 
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14. A crystal manufacturing apparatus as claimed in 
claim 12 or 13, wherein said first transparent plate 
(7) is made of sapphire and said second transparent 
plate(B) is made of quartz glass. 
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